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Cross-Reference To Related Applications 

This application is a continuation-in-part of Application No. 09/764,042 entitled 
"First-Side Dual-Layer Optical Data Storage Disk And Method Of Manufacturing The 
Same" filed January 16, 2001, which is incorporated herein by reference in its entirety. 

Description of the Related Art 

Optical data storage media often take form in a data-carrying layer formed on a 
disk shaped polycarbonate substrate. These devices typically fall in the category of 
substrate-incident media since data recorded in the data-carrying layer is retrieved by 
illuminating the data-carrying layer through the substrate. More particularly, illumination 
light for reading the data first passes through the substrate before being received by the 
data-carrying layer surface. 

Optical data storage media take form in one of three distinct embodiments: read- 
only optical data storage media, write-once optical data storage media, or rev^itable 
optical data storage media. In read-only optical data storage media, data is recorded in 
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the data-carrying layer as a series of physical marks or bumps. These physical marks or 
bumps are typically formed using an injection-molded process. Once formed the 
physical marks or bumps cannot be erased or overwritten. The physical marks or bumps 
have different diffractive properties when compared to areas of the read-only data- 
carrying layer that lack physical marks or bumps. Data retrieval in read-only optical data 
storage media is facilitated by the difference in diffractive properties. 

Write-once optical data storage media commonly take form in a polycarbonate 
substrate spin coated with a layer of organic dye. Data is recorded by illuminating the 
organic dye layer through the substrate with a light beam whose intensity is modulated in 
accordance with data to be recorded. Select areas of the organic dye subjected to high 
intensity light chemically change and result in "dark" areas, i.e., areas which have a lower 
light reflectivity when compared to areas of the organic dye which are not subjected to 
high intensity light. To achieve compatibility with read-only optical data storage media, 
data is recorded as a sequence of low reflectivity dark regions each one of which is 
positioned between spaces of high reflectivity. This difference in reflectivity facilitates 
data retrieval. The chemical change in the organic dye is irreversible. Thus, data written 
to the organic dye layer cannot be overwritten. 

Unlike read-only or write-once optical data storage media, data recorded in the 
data-carrying layer of rewritable optical data storage media can be erased and replaced 
with new data. The data-carrying layer of rewritable optical data storage media may take 
form in a phase-change material. The phase-change material is capable of phase change 
between amorphous and crystalline states. Initially, the phase-change material is formed 
on the polycarbonate substrate in an amorphous state. Thereafter, the state of the entire 
phase-change layer is changed to the crystalline state by illuminating the phase-change 
layer through the substrate v^th a high intensity light. Data is recorded in rewritable 
optical data storage media by illuminating the phase-change layer through the substrate 
with a light beam modulated in accordance with data to be recorded. The modulated light 
beam causes select areas of the phase-change layer to change from crystalline to 
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amorphous. Crystalline regions have higher light reflectivity when compared to 
amorphous regions. In rewritable optical data storage media, data is recorded as a 
sequence of low reflectivity amorphous regions each one of which is positioned between 
crystalline spaces of high reflectivity. This difference in reflectivity facilitates data 
retrieval. Recorded data may be erased by illuminating the entire phase-change layer, or 
sub-regions thereof, through the substrate with a high intensity light. The high intensity 
light changes the amorphous areas back to the crystalline state. 

SUMMARY OF THE INVENTION 

Disclosed is an optical data storage media. The optical data storage media 
includes a substrate having oppositely facing first and second surfaces. A first 
metal/alloy layer is formed overlaying the first surface of the substrate. The first 
metal/alloy layer is formed from tin, antimony and element selected from the group 
consisting of indium, germanium, aluminum, and zinc. After the first metal/alloy layer is 
formed, a first dielectric layer is formed overlaying the first metal/alloy layer. This 
dielectric layer is formed from silicon oxynitride. The first metal/alloy layer is positioned 
between the substrate and the first dielectric layer. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention may be better understood, and its numerous objects, 
features and advantages made apparent to those skilled in the art by referencing the 
accompanying drawings. The use of the same reference number throughout the figures 
designates a like or similar element. 

Figure 1 is a cross-sectional view of a single-sided optical data storage disk 
employing the present invention; 
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Figure 2 is a cross-sectional view of a double-sided optical data storage disk 
employing the present invention; 

Figure 3 is a perspective view of an optical data storage disk shown in Figure 1; 

Figure 4 illustrates operational aspects of reading optical data from the optical 
data storage disk shown in Figure 1 ; 

Figure 5a illustrates how the real part n of the refractive indexes for SiOxNy and 
SiOx dielectric varies as the gas flow varies during reactive sputtering formation of the 
SiOxNy and SiOx dielectric layers; 

Figure 5b illustrates how the reflectivity varies in SiOx and SiOxNy dielectric 
layers as the real part n of the refractive index varies for the SiOx and SiOxNy dielectric 
layers; 

Figure 6a is a graph illustrating reflectivity of the amorphous regions of the 
phase-change layer in the optical data storage disk shown in Figure 1 as a function of 
dielectric layer thickness; 

Figure 6b is a graph illustrating normalized contrast for the phase-change layer of 
the optical data storage disk shown in Figure 1 as a fiinction of dielectric layer thickness; 

Figure 6c is a graph illustrating CNR as a function of dielectric layer thickness; 

Figure 7 is a graph illustrating the real part of the refractive index for the 
dielectric layer shovra in Figure 1 as a function of nitrogen content. 

While the invention is susceptible to various modifications and alternative forms, 
specific embodiments thereof are shovra by way of example in the drav/ings and will 
herein be described in detail; however, it should be understood that the drawings and 
detailed description thereto are not intended to limit the invention to the particular form 
disclosed. On the contrary, the intention is to cover all modifications, equivalents, and 
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alternatives falling within the spirit and scope of the present invention as defined by the 
appended claims. 
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DETAILED DESCRIPTION 

Figure 1 shows a cross-sectional view of an optical data storage media in the form 
of disk 10 employing the present invention. The optical data storage disk 10 includes a 
substrate 12 with thin layers of phase-change metal/alloy 14 and dielectric 16 formed 
5 thereon. The phase-change metal/alloy layer 14 is positioned between dielectric layer 16 
and substrate 12. 

A surface of substrate 12 is grooved such that it is defined by raised surface 
portions 22, recessed surface portions 24, and side walls 26. The cross-sectional shape of 
phase-change metal/alloy 14 and dielectric layer 16 mimics the grooved surface of 
10 substrate 12. Thus, phase-change layer 14 includes an upper surface defined by raised 
13 surface portions 32, recessed surface portions 34, and side walls 36, and dielectric layer 



16 includes an upper surface defined by raised surface portions 42, recessed surface 
portions 44, and side walls 46. Raised surface portions 42 and recessed surface portions 



includes a substrate 52, a pair of phase-change metal/alloy layers 54a and 54b, and a pair 
of dielectric layers 56a and 56b. The phase-change layers 54a and 54b are formed on 



20 oppositely-facing top and bottom surfaces of substrate 52, respectively. Dielectric layers 
56a and 56b are formed on phase-change metal/alloy layers 54a and 54b, respectively, 
such that the phase-change metal/alloy layers 54a and 54b are positioned between 
dielectric layers 56a and 56b, respectively, and substrate 52. 

The oppositely-facing top and bottom surfaces of substrate 52 are grooved such 
25 that the top and bottom surfaces of substrate 52 are defined by raised surface portions 62, 
recessed surface portions 64, and side walls 66. The cross-sectional shape of phase- 




44 are often referred to as lands 42 and grooves 44. 



Figure 1 illustrates an exemplary single-sided optical data storage disk 10. Figure 
2 shows a cross-sectional view of a two-sided optical data storage disk 50 employing the 
present invention. With continued reference to Figure 2, optical data storage disk 50 
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change layers 54a - 54b and dielectric layers 56a - 56b mimic the grooved surfaces of 
substrate 52. Thus, the top and bottom surfaces of phase-change layers 54a and 54b, 
respectively, are defined by raised surface portions 72, recessed surface portions 74, and 
side walls 76. The top and bottom surfaces of dielectric layers 56a and 56b, respectively, 
are defined by raised surface portions 82, recessed surface portions 84, and side walls 86. 

Substrates 12 or 52 may be formed from a polycarbonate material. Phase-change 
metal/alloy layers 14, 54a, or 54b are preferably formed from the tin, antimony, and 
indium metal/alloy described in U.S. Patent 5,271,978 entitled "Optical Recording 
Media," filed January 31, 1992, and incorporated herein by reference in its entirety. In 
the alternative, phase-change metal/alloy layers 14, 54a, or 54b may be formed from 
other materials including but not limited to: tin, antimony, and germanium; tin, antimony, 
and aluminum, and; tin, antimony, and zinc. 

The phase-change metal/alloy layer 14, 54a, or 54b is initially deposited on the 
substrate 12 or 52 in an amorphous state. Thereafter, as will be more fiilly described 
below, during data storage, the substrate 12 or 52 is rotated and the phase-change 
metal/alloy layer 14, 54a, or 54b is illuminated with a writing light beam that is 
modulated in accordance with a stream of data signals. For descriptive purposes, the 
light beam for writing or reading data to the phase-change metal/alloy layer 14, 54a, or 
54b will be presumed to have a wavelength of approximately 650nm unless otherwise 
noted, it being understood that other light beam wavelengths are contemplated including 
wavelengths of 630-670nm or 380-420nm. The light beam crystallizes selective spots of 
the phase-change metal/alloy 14, 54a, or 54b to produce an optical data pattern of 
crystalline spots surrounded by amorphous regions. Data is recorded as a sequence of 
high reflectivity crystalline spots or regions each one of which is positioned between 
amorphous spaces of relatively low reflectivity. The resulting optical data pattern 
corresponds to the stream of data signals. 

Data stored on the phase-change layer 14, 54a, or 54b of the optical data storage 
device can be read by illuminating the optical data pattern with a reading light beam, and 
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subsequently detecting the light reflected therefrom. The reflected light is modulated in 
accordance with the reflectivity of the optical data pattern. Light detectors receive the 
reflected light and generate data signals that represent the optical data pattern. 

Phase-change metal/alloy layer 14, 54a, or 54b is characterized by having good 
writing sensitivity and good signal-to-noise ratio. The signal-to-noise ratio depends on a 
number of factors including, but not limited to, the difference in reflectivity between 
adjacent amorphous and crystalline regions. 

Optical data storage devices with a tin, antimony, and indium phase-change layer 
overcoated with a dielectric layer of SiOx (where x is between 1 and 2) have been made 
and tested. During formation of the dielectric layer, oxygen in the SiOx interacts with the 
SbSnIn to create a thin layer of native oxide having a substantially uniform cross-section. 
With the native oxide layer, the phase-change layer is substantially corrosion protected. 
Unfortunately, the use of SiOx to form the dielectric layer on the SbSnIn metal/alloy 
often results in an optical structure having substantially non-uniform optical 
characteristics. More particularly, the use of SiOx may result in a dielectric layer having 
a real part of refractive index that varies unacceptably within an optical storage disks or 
between optical data storage disks. Unless otherwise noted, the following description 
presumes a light beam of approximately 650nm. 

Returning to Figures 1 and 2, dielectric layers 16, 56a, or 56b may be formed 
from silicon oxynitride (SiOxNy) instead of SiOx. It is noted that x in SiOxNy and SiOx 
need not be the same number. During formation of a silicon oxynitride dielectric layer on 
phase-change layers 14, 54a, or 54b, the oxygen content of the silicon oxynitride material 
interacts v^th the phase-change metal/alloy layer and forms a thin and substantially 
uniform native oxide layer therebetween. The oxide layer maintains the functional and 
structural characteristics of underlying phase-change layer during subsequent use of the 
optical data storage disk. 
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The silicon oxynitride dielectric may be formed on the phase-change layer using 
any one of a number of techniques. In a preferred embodiment, the silicon oxynitride 
layer is formed on the phase-change layer using a reactive gas sputtering process. The 
use of SiOxNy as the dielectric has resulted in an unexpected benefit of refractive index 
uniformity. Figure 5a plots n, the real part of the refractive index, of the silicon 
oxynitride dielectric layer as a function of the reactive gas flov^ during the reactive gas 
sputtering process to form the dielectric layer. Figure 5 a also plots n of a SiOx dielectric 
layer as a function of the reactive gas flow^ in the reactive gas sputtering process. A 
comparison of the plots shoves that the change in n is greater in the SiOx dielectric for a 
given change in gas flow. Figures 5a -7 illustrate data collected using a light beam with a 
wavelength 650nm. Figure 5b plots the refractive indexes as a function of n for the SiOx 
and silicon oxynitride dielectric layers. It can be seen from Figure 5b that, for a given 
range, a change in n results in a larger change in the refractive index in the SiOx 
dielectric. 

During the reactive sputtering process, gas flow may vary. Gas flow variations 
lead to variations in the properties (e.g. refractive index, thickness, density) of the 
reactively sputtered films. Variations in refractive index or thickness are particularly 
problematic for films used for optical data storage. Since the contrast of the v^itten data 
signal is enhanced by means of an interference structure, the contrast is primarily a 
function of the optical thickness of the layers in the film stack. (Optical thickness is 
defined as refiractive index multiplied by physical thickness.) For the two layer film stack 
outlined in this description, the contrast is controlled in part by the optical thickness of 
the silicon oxynitride. Variations of more than a few percent in the thickness or 
refractive index of the silicon oxynitride layer lead directly to variations in the quality of 
the data signals. This is undesirable from the standpoint of playback, as the drive 
requires uniform signals for optimal performance. However, as shown in Figures 5a and 
5b, the adverse effects of gas flow variation will be less in the resulting silicon oxynitride 
dielectric layer when compared to the SiOx dielectric layer. 
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Figures 1 and 2 illustrate examples of optical data storage disks having a single 
layer of phase-change metal/alloy formed on one or both sides of a polycarbonate 
substrate. These optical data storage disks are examples of single-layer optical data 
storage disks. The present invention should not be limited thereto. The present invention 
may find application in dual-layer optical data storage disks such as those described in 
AppHcation No. (Attorney Docket Number M-9998 US, Client Docket Number DP85) 
entitled "First-Side Dual-Layer Optical Data Storage Disk And Method Of 
Manufacturing The Same." 

Figures 1 and 2 illustrate examples of first-surface optical data storage disks. 
With first-surface optical data storage disks, data is written to or read from the phase- 
change metal/alloy layer by a focused light beam that first passes through the dielectric 
layer {e,g., 56a or 56b) and then writes to or reads from the phase-change metal/alloy 
layer {e.g,, 54a or 54b) without first passing through the substrate. First-surface optical 
data storage disks are used in systems where the dielectric layer lies between the 
writing/reading laser and the phase-change metal/alloy layer of the substrate. In contrast, 
the phase-change metal/alloy layer of a substrate-incident, optical data storage disk is 
written to or read from by a focused light beam that first passes through the substrate and 
then writes to or reads firom the phase-change metal/alloy layer. Substrate-incident, 
optical data storage disks are used in systems where the substrate is positioned between 
the writing/reading laser and the phase-change metal/alloy layer of the substrate. 
Application No. 09/652,975 entitled "First-Side Dual-Layer Optical Data Storage Disk 
And Method Of Manufacturing The Same" filed August 31, 2000, illustrates examples of 
first and substrate-incident optical data storage disks and is incorporated herein by 
reference. The present invention may find application to substrate-incident optical data 
storage disks and should not be limited to use in first-surface optical data storage disks. 

Figures 1 and 2 illustrate examples of optical data storage disks comprising rigid 
polycarbonate substrates with grooved surfaces. The present invention should not be 
limited thereto. The present invention may find application to optical data storage media 
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containing flexible substrates. Further, the present invention may find application in 
optical data storage media having a substrate w^ith no grooves formed thereon. In such a 
non-grooved substrate, the phase-change metal/alloy layer and/or dielectric layer may 
have a substantially uniform and flat cross-sectional shape. 

Substrate 12 of Figure 1 may be created during an injection molding process in 
which molten polycarbonate is injected into a mold cavity that includes a metal stamper. 
The metal stamper has a grooved surface that mirrors the grooves of substrate 12. 
Pressure is applied to the mold cavity so that the molten polycarbonate flows into the 
grooves of the metal stamper. After solidification, the substrate is removed from the 
mold cavity and the grooved surface is subsequently sputter coated with the thin layers of 
phase-change metal/alloy and dielectric material. Alternatively, phase-change 
metal/alloy and dielectric layers 14 and 16 may be created using electron beam 
evaporation. Substrate 52 of Figure 2 may be created in accordance with the methods 
described in Application No. 09/652,975 entitled "Double-Sided Digital Optical Disk and 
Method and Apparatus for Making" filed August 31, 2000. 

Figure 3 illustrates a prospective view of the optical data storage disk 10 having 
an optical data pattern formed thereon. For ease of illustration, dielectric layer 16 is not 
shovm in Figure 3. In Figure 3, phase-change metal/alloy layer 14 is generally in the 
amorphous state. However, selected regions 90 on the raised surface portion 32 are 
crystallized in response to heating by a focused light beam. More particularly, the optical 
data storage disk 10 is rotated and the metal/alloy layer illuminated with a vmting light 
beam (not shown) that is modulated in accordance with a stream of data signals. The 
writing light beam crystallizes selective regions of the phase-change metal/alloy 14 to 
produce the optical data pattem of crystalline regions 90 surrounded by amorphous 
regions. Similar optical data pattems may be formed on raised surface portions of phase- 
change layers 72 shovra in Figure 2. 

It is noted that the present invention should not be limited to crystalline regions 
occurring only on the raised surface portions 32 of phase-change metal/alloy layer 14. 
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Rather, an optical data pattern of crystalline regions 90 surrounded with amorphous 
regions may occur on only raised surface portions 32, on only recessed surface portions 
34, or on both the raised and the recessed surface portions 32 and 34, respectively, of 
phase-change metal/alloy layer 14. For purposes of explanation, the present invention 
will be described with reference to optical data patterns formed on the raised surface 
portions 32 of the phase-change metal/alloy layer 14. 

As noted above, the optical data pattem represented in Figure 3 is created by 
exposing the phase-change metal/alloy layer of the optical data storage disk to a focused 
writing light beam that is modulated in accordance with a stream of data signals. Figure 
4 illustrates operational aspects of reading optical data from the phase-change metal/alloy 
layer. More particularly, Figure 4 shows a cross-sectional view of the optical data 
storage disk 10 shovm in Figure 1 . Further, Figure 4 shows an objective lens 92, which 
receives laser incident light beam 94 and reflected light beam 96, reflected from raised 
surface portion 32. More particularly, objective lens 92 receives and focuses laser light 
94 onto raised surface portion 32 as disk 10 rotates with respect to lens 92. Light 96 
reflected from raised surface portion 32 passes back through objective lens 92 and is 
subsequently detected and converted into corresponding electrical signals by one or more 
detector elements (not shown). Generally, the reflectivity of phase-change metal/alloy 
layer 14 in the amorphous state is significantly different than the reflectivity of phase- 
change metal/alloy layer 14 in the crystalline state. In one embodiment, the reflectivity 
of the amorphous regions of phase-change metal/alloy layer 14 is greater than the 
crystalline regions of the phase-change metal/alloy layer 14. Accordingly, the 
characteristics of reflected light 96 depend upon whether the raised surface portion 32 
that receives focused laser light 94 is in the amorphous or crystalline state. 

Using silicon oxynitride in forming the dielectric layer 16 aids in creating optical 
data storage disks having substantially uniform optical characteristics as noted above. 
However, a benefit of using a silicon oxynitride dielectric relates to normalized contrast 
and carrier to noise ratio (CNR). Figure 6a is a graph illustrating the reflectivity 
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(Ramorphous) of SnisSbyoIriis in the amorphous state as a function of the dielectric thickness. 
More particularly, Figure 6a plots Ramorphous for a silicon oxynitride layer having an index 
of refraction n equal to 1 .6, 1 .7, or 1 .8. Figure 6b is a graph illustrating normalized 
contrast between Ramorphous and reflectivity (Rcrystaiiine) of SnisSbyoInis in the crystalline 
state as a function of dielectric thickness. Normalized contrast NC is defined as: 

NC =^ 2 (Rcrystaiiine ~ RamorphousVCRcrystalline Ramorphous)* 

Figure 6b shows that normalized contrast increases as the thickness of the silicon 
oxynitride dielectric layer 16 increases for a certain range of dielectric thicknesses. 

CNR is a fiinction of normalized contrast and noise. As shown in Figure 6c, CNR 
increases as normalized contrast increases. 

The previous discussion related to media performance in an idealized system, 
where limitations of the drive architecture were not taken into account. While the CNR 
performance shown in figure 6c is readily achievable with specialized test equipment, the 
low reflectivity associated with this large normalized contrast makes a storage disk with 
such parameters impractical for use in a commercial optical drive. In practice, the 
average intensity of reflected Ught 96 that carries data should be large enough to 
overcome noise produced by the electronics associated with generating and processing 
the electrical data signals of the detector element(s). Decreasing (or increasing) the 
thickness of the dielectric from that which gives the theoretical contrast maximum will 
increase the intensity of the reflected light 96, reducing the effects of electronic noise at 
the expense of contrast. For a practical system, the dielectric thickness must be chosen to 
balance these effects and optimize total system performance. 

A silicon oxynitride dielectric with n equal to 1.7 and a thickness of 60nm has 
been found to maximize CNR in an optical data storage disk system described in U.S. 
Patent Application 09/315,398 entitled "Removable Optical Storage Device and System" 
filed May 20, 1999, and incorporated herein by reference. A silicon oxynitride dielectric 
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thickness of 60nm maximizes CNR for a SbvoSnisInis phase-change layer thickness of 
8 5 nm on an optical data storage disk used in the system described in U.S. Patent 
Application 09/3 1 5,398. This presumes that the focused light beam having a wavelength 
of 630-670nm. The thickness of the dielectric and phase-change layer may change for a 
focused light beam of other wavelengths. For example, a dielectric thickness of 60nm 
and a phase-change layer thickness of 85nm will also maximize the CNR for a light beam 
having a wavelength of 380-420nm. The thickness of the phase-change layer and/or the 
dielectric layer to produce a maximized CNR may change upon change of any one or 
more of several variables including the chemical formula of the phase-change layer, the 
chemical formula of the dielectric, the wavelength of the light beam used to rewritable 
data, the electronic components used in processing signals produced by light detectors 
detecting light reflected from the optical data storage disk, etc. A phase-change layer 
thickness of 85nm may be selected in consideration of optical and thermal factors. At 
85nm, absorption rate of light is increased which enhances or lowers the requirements for 
writing data to the phase-change layer. Stated differently, phase-change layer thickness of 
85nm enhances both reading and writing of optical data. 

The normalized contrast between amorphous and crystalline states can also be 
altered based upon the content of the oxygen and nitrogen within the dielectric layer. 
Altering the content of the oxygen and nitrogen within this dielectric layer directly 
changes the index of refraction of the dielectric layer. With a dielectric layer of silicon 
dioxide and no nitrogen, the index of refraction is approximately 1 .45. As noted above, it 
has proven difficult in practice to form the SiOx dielectric layer on the SbSnIn metal/alloy 
layer. With an index of refraction equal to 1 .6 up to 2, where an index of refraction equal 
to 2 corresponds to dielectric of pure silicon nitride and no oxygen, contrast is tunable. 

Figure 7 is a graph illustrating the index of refraction n for dielectric layer 16 as a 
function of the nitrogen content thereof. It can be seen that the index of refraction varies 
linearly from a dielectric material that contains no nitrogen (i.e., Si Ox) to a dielectric 
material that contains no oxygen (i.e., SiN). Altering the content of the oxygen and 
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nitrogen within the silicon oxynitride dielectric layer 16 can also increase the contrast 
between amorphous and crystalline states in the phase-change metal/alloy layer 14. 
Contrast varies as a secondary effect of a change of refractive index of the silicon 
oxynitride dielectric layer 16. In the preferred embodiment, the nitrogen and oxygen 
content of the silicon oxynitride is selected so that the real part of the index of refraction 
n is within the range of 1.45 to 2.0, ideally 1.7. For SiOxNy at n-1.7, x is approximately 
1.1, and y is approximately 0.6. 

Although the present invention has been described in connection with several 
embodiments, the invention is not intended to be limited to the specific forms set forth 
herein. On the contrary, it is intended to cover such alternatives, modifications, and 
equivalents as can be reasonably included within the spirit and scope of the invention as 
defined by the appended claims. 
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